v

. -

REPORT DOCUMENTATION PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, induding the time for reviewing i
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any othe
this burden to Department of Defense, Washington Headquarters Services, Directorate for information Operations and Reports (0704-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for fail
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE
15-09-2002 Final Technical

AFRL-SR-AR-TR-02-

O3,

T15203-2001 - 14-09-2002

the
sing
2

'ently

4. TITLE AND SUBTITLE
(U) Next Generation Diode Lasers for Wavelength Multiplexed

Propulsion Sensors

5a. CONTRACT NUMBER

5b. GRANT NUMBER
F49620-01-1-0229

5¢c. PROGRAM ELEMENT NUMBER

61103D
6. AUTHOR(S) 5d. PROJECT NUMBER
3484
R. K. Hanson 5e. TASK NUMBER
T Us

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Department of Mechanical
Engineering

Stanford University
Stanford CA 94305-3030

NUMBER

8. PERFORMING ORGANIZATION REPORT

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
AFOSR/NA

801 North Randolph Street
Room 732
Arlington VA 22203-1977

10. SPONSOR/MONITOR’S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Equipment listed in the report was purchased under the Department of Defense University

Research Instrumentation Program (DURIP)

20021126 037

15. SUBJECT TERMS
diode laser spectroscopy

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Julian M. Tishkoff
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
Unclassified | Unclassified | Unclassified | UL 4 cods)
(703)696-8478

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18




2 3 SEP Py

Final Technical Report

Next-Generation Diode Lasers for
Wavelength-Multiplexed Propulsion Sensors

AFOSR Grant F49620-01-1-0229

Prepared for

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

For the Period

March 15, 2001 to September 14, 2002

Submitted by

R. K. Hanson, Principal Investigator
Department of Mechanical Engineering
Stanford University
Bldg 530, Room 112
Stanford, CA 94305-3030

HIGH TEMPERATURE GASDYNAMICS LABORATORY

Mechanical Engineering Department
Stanford University




Next-Generation Diode Lasers for
Wavelength-Multiplexed Propulsion Sensors

Ronald Hanson
Department of Mechanical Engineering
Stanford University, Stanford, CA 94305

EQUIPMENT ACQUIRED

Table 1 lists the equipment purchased by the DURIP Grant, Next-Generation Diode
Lasers for Wavelength-Multiplexed Propulsion Sensors, AFOSR Grant F49620-01-1-0229
and matching funds from Stanford University Cost Sharing Accounts. This contract
initially coverd the period 03/15/01 to 03/14/02, but was extended to end on 09/14/02.

RESEARCH SUMMARY

The application of laser-based diagnostics to reacting flows has enabled
extraordinary advances in our understanding of advanced propulsion concepts and engine
design during the past two decades. Modern propulsion facilities are now commonly
equipped with laser-based test equipment for flow visualization, spray characterization, and
planar laser-induced fluorescence measurements of temperature, fuel mixing, and
combustion intermediate species.

The development of inexpensive, rugged, solid-state laser sources by the
telecommunications industry has led to a new revolution in practical and portable sensors
for high-speed reacting flows. Simultaneous multi-parameter measurements using diode
laser-based sensors now offer prospects for real-time combustion control. This equipment
grant provides equipment to enable research to develop the next generation of diode laser
sensors, which we envision will use diode lasers with wavelengths that are outside the
telecommunications bands to enable detection of important combustion species such as:
CO, NO, and hydrocarbon fuels.

This equipment grant was focused on three areas: novel new quantum cascade
lasers operating in the mid-infrared, addition of fuel-measurement channels to an existing
wavelength-multiplexed near-infrared diode laser sensor, and novel high-speed wavelength-
tuning techniques to enable more robust near-infrared measurements in harsh
environments. The equipment list in Table 1 shows the distribution of expenses in the
three focus areas.

This new equipment will expand the range of our current studies, as previous
experiments in our laboratory were unable to measure propane fuel or NO. Using this
equipment, researchers at Stanford will be able to investigate the background spectroscopy
needed to develop and apply such sensors to combustion and propulsion flows. We have
already chosen scanned- and fixed-wavelength strategies for propane detection and recently
completed a proof-of-concept demonstration of a diode laser sensor for propane filling of
laboratory combustors (including a pulse detonation engine) using equipment provided by




this grant. The new lasers for NO have arrived and initial spectroscopic and flame
demonstration measurements are underway. The new CW Nd:YAG has been used to
repetitively and rapidly heat a standard DFB laser for fast wavelength scanning
applications.

TABLE 1: Next-Generation Diode Lasers for Wavelength-Multiplexed Propulsion Sensors

Item Supplier Cost ($)

Quantum Cascade Laser Sensor

Lasers for NO detection near 5.2 um, Alpes Laser 34,153
plus pulser, housing, and temperature
controler

High Modulation Frequency Laser PSI Corp 8,660
Mount, with TC cooler and collimation
optic

Multipass cell for sensitive detection of | Scienza, Inc 7,048
optical absorption

Multi-Channel Diode Laser Sensor

Temperature controlled laser mounts ILX Li ghtwave 9,156
for 6 laser sensor

Current and temperature controller for | ILX Lightwave 11,638
multi-channel laser sensor

Diode lasers custom made at 1.68um to | Laser Components 10,914
detect propane fuel

High-Speed Wavelength Tuning

High-power, CW Nd:YAG for rapid Coherent 53,630
diode laser tuning

High-speed pulsed power supply for Agilent 6,260
rapid modulation of diode lasers

Retrofit pulsed laser Lambda Physics 26,129
Miscellaneous optics Thorlabs, Iolon, etc 212
TOTAL $167,800




